Abstract. In this paper, the plate with different surface cracks was selected, the finite element numerical simulation method was used to model the J-integral and the equivalent plastic strain (ε p ) distributions ahead of crack front, after the unified constraint characterization parameter is defined as the maximum crack extension location, the prediction results is consistent with the measured results in experiments. The parameter which considered both crack driving force and material resistance force is a suitable parameter, and can be used to predict the maximum crack extension location.
Introduction
Surface cracks are the most prevalent life inhibitors in structures as these cracks commonly initiate at material and manufacturing discontinuities [1] . A surface crack will grow until the crack reached a critical size, at which time it loses stability and fracture ensues. Thus, it is needed and useful to predict the location of the maximum crack extension along a surface crack front accurately.
In the traditional approach, the stress intensity factor K [2] and J-integral [3] are defined as the fracture criterion firstly. For ductile material, the large J-integral means the large crack driving force, in the actual engineering, the location of maximum J-integral will be considered as the dangerous location in general. However, the crack extension is not only relating to the crack driving force, but also material resistance force. A large amount of experiments and finite simulations show that the material resistance force is effected by the specimen geometry, crack depth, loading condition which are called constraint effect. The loss of constraint increases the load bearing capacity of cracked components [4] . Thus, in order to obtain the maximum crack extension location accurately, it needs to consider the effect of constraint.
The quantification of constraint has been extensively studied for a long time, and led to the development of two-parameter, such as K-T [5] , J-Q [6] , J-A 2 [7] , J-T Z [8] [9] [10] , three-parameter fracture mechanics, such as K-T-T Z [11] , J-Q-T Z [12] , J-Q-M [13] , and the unified parameter, such as β T [14] , A-D [15] , φ [16] , A p [17, 18] . However, fracture prediction is not well established for materials containing surface cracks. Leach et al. investigated the maximum crack extension location of the surface cracks with different crack lengths and depths in the plate by experiments [1] . In this paper, based on these experiments, the finite element models were built to calculate the J-integral and the distributions of unified constraint parameter A p . The unified parameter A p was defined as follows: which considered both J-integral and constraint effect was defined and a new methodology was provided to ensure the maximum crack extension location of surface crack.
Experimental data of the location of maximum crack extension for different surface crack specimens
A large amount of experimental data of specimens with different surface cracks listed in the literature [1] were used in this work. The experimental material is the high strength low alloy structural steel D6AC, whose Modulus of elasticity (E) is 209700MPa, Poisson's ratio (ν) is 0.3. The stress-strain relation is consistent with the Ramberg-Osgood equation, and the yield strength ( 0 σ ) is 1330 MPa, the hardening exponent (n) is 50, the fitting constant is 0.315.
The surface-cracked specimens were tested at room temperature under laboratory air conditions. The loading configuration and geometry of the specimen are illustrated in Fig. 1 . For all specimens, the width w and thickness t were 12.7 mm and 6.35 mm, respectively. To obtain the maximus crack extension location under different constraints, the surface cracks with different crack lengths (a/c) and crack depths (a/t) were machined. The crack size, load and the maximum crack extension location for each specimen are shown in Table 1 . The radian Φ in the Fig. 1 was translate to φ in Table 1 by φ=2Φ/π, and the φ crit means the location of maximum crack extension, as shown in Fig. 2 . Table 1 Crack size, load and the maximum crack extension location for each specimen [1] Specimen 
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Finite element analysis
The commercial finite element code, ABAQUS, was used to calculate the stress and strain distributions ahead of crack tips. Due to loading and geometry symmetry, only 1/4th of the specimen was modeled. The 3D eight-node isoperimetric elements with reduced integration (C3D8R) were used. The typical finite element meshes for the AT-07 specimens are illustrated in Figs.3 (a) and (b) . Since the crack-tip region contains steep stress and strain gradients, the mesh refinement should be more at the crack tip. So, a conventional mesh configuration having a focused ring of elements surrounding the crack front was used with a small initial root radius (2μm) at the crack tip (blunt tip) to enhance convergence of the nonlinear iterations, as shown in Fig. 3(c) [17, 18] . The typical model contains 23298 elements. The J-integral and the areas surrounded by the equivalent plastic strain ε p isolines ahead of the crack tips were calculated. 
Results and discussion
Generally, the location of the maximum J-integral has the maximum crack driving force, while the location of the minimum p A with the maximum constraint has the minimum material resistance force. These two locations are the weakest zones for the crack extension. However, these two 
